ted daily and in which the number of worms remains constant, the egg count follows the same course as in animals infected once only. In animals receiving infection daily at different rates and in which different levels of worm burden are therefore maintained, the fecal egg counts are identical. This must mean that the egg output of the entire population is limited directly. The environment of the worms will sustain a certain rate of egg production irrespective of the number of females present. The egg output is likely to be limited to a point well below that of which the worms are potentially capable. That this limitation on egg output breaks down in animals treated with cortisone, in immunologically incompetent animals and in some clinically affected animals suggests that the phenomenon is associated with an immune response. The logarithmic form of the decrease in egg count means that the egg output at any moment bears a constant relation to the preceding output. The limitation of egg output depends on previous egg laying activity which probably acts by inducing a transient change in the hosta mechanism similar to, but distinct from, that which occasions worm loss.
A proportion of the worm larva ingested fail to develop beyond the early fourth stage. The precise nature of this phenomenon is obscure but both the condition of the infective larva and the resistance of the host appear to play a part. Very large numbers of these inhibited forms can accumulate; the average bovine at the end of its first grazing season carries enough to kill it were they to develop simultaneously. This they may occasionally do, to give rise to outbreaks of ostertagiasis in animals which may not have been exposed to infection for some months. More commonly, however, resumption of development is at a more modest rate and the usual replacement of worms may be from this source.
This brief account may serve to show that even where protective immunity is not involved, worm burdens are effectively regulated. Among helminths most nematodes can be shown to be host specific or to have a very narrow range of hosts but very little is known about the origin and mechanisms of barriers to infection. In the preferred host, the possibly related phenomenon of resistance to reinfection may be manifested in a variety of ways. There may be barriers to in-vasion, to the migration or to development. Worms may be stunted in growth, their sexual maturity delayed, egg-laying may be reduced or suppressed and the mature worms themselves may be eliminated gradually or dramatically.
Unlike a typical nematode, the trematode Fasciola hepatica has an extremely wide range of definitive hosts -probably almost any mammaland in several of these the parasite can live an apparently well-adjusted existence, producing large numbers of eggs and living for a long time. Possibly as a corollary to its lack of selectivity, Fasciola does not seem to be active in eliciting resistance to reinfection. Most evidence for this comes from field observation: there is, for example, little to suggest that sheep in an area where fascioliasis is endemic acquire an immunity. At Weybridge, long-term experiments in which animals were exposed to repeated reinfection with metacercarie showed that with sheep the output of fluke eggs increased with time and at death large numbers of parasites were recovered. With cattle, however, comparatively few fluke eggs were passed in the frces; the numbers decreased with time to a very low level. At slaughter relatively few parasites were recovered. This comparative resistance of cattle possibly results from the marked pathological changes in the bovine liver making it unsuitable as an environment for the fluke. Recent work by Ross (1965) supports this hypothesis.
Interest in the problems of resistance to fascioliasis has revived recently with the realization that existing methods of control of fascioliasis are not very satisfactory and with the knowledge that with another helminth parasite -Dictyocaulus viviparusprotection can be given by administration of larvm which have been attenuated by irradiation. Some of the few recorded experiments which have been designed to determine whether an active immunity to F. hepatica can be elicited have, in fact, involved the use of irradiated metacercari2e. Thorpe & Broome (1962) found evidence of a protective effect in rats; animals which had been given suitably attenuated meta-cercari2e became infected with fewer flukes when later challenged with normal metacercarie. This result, which is contrary to most other evidence (e.g. Hughes 1962 Hughes , 1963 ) could be explained on the premise that irradiated cercarie which die in the liver may be more antigenic than are those which proceed through a normal course of development. Because of the paucity of experimental evidence of the existence of resistance to Fasciola it seemed important to establish whether an active resistance could be elicited in a laboratory animal by the use of normal metacercari2. The rabbit was chosen because it is a well-adjusted host both under field conditions and in the laboratory.
Experimental Data
In our experiments rabbits were given an initial infection of 10 metacercariae and were reinfected twelve weeks later each with 20 metacercari. Fewer flukes were recovered from these rabbits killed twenty weeks after the second infection than would have been anticipated from consideration of the numbers recovered from rabbits which had received 10 or 20 metacercariae as single doses. This evidence at first suggested that some resistance mechanism had operated but further consideration of the data indicated that the apparent reduction was probably fallacious because an increase in the number of flukes given to a rabbit tends to inhibit development by overcrowding, and leads to a higher proportion ofvery small flukes which are liable to be lost at postmortem examination.
Discussion
Available evidence suggests that there are two factors which tend to reduce the numbers of parasites recovered after a repeated infection with Fasciola. In some host species initial infection may lead to pathological changes in the liver which becomes less receptive to further infection. In some or all hosts overcrowding with parasites may lead to an inhibition of growth. Whether parasites are actually eliminated has not yet been finally determined. A similar competitive inhibition of development has been observed in cestodes. Cestodes feed exclusively through the integument and Read (1951) put forward the ingenious hypothesis that in crowded populations a reduction in size, by leading to a relative increase in the surface area available for absorption, was advantageous to the worm. With nematodes there is a little evidence that an increase in population numbers is associated with a decrease in size of the individuals. Dobson (1965) working with larval stages of the nematode Amplicwcum robertsi has, however, found evidence of a complex relationship. Under certain circumstances the average size of the worms decreases with an increase in the size of population but, above a critical density, the average size of the individuals increases again. It is suggested that initially the host controls the infection and inhibits larval growth but that later an increase in the numbers of parasites leads to liver breakdown which makes more food readily available. Under these circumstances the worms grow larger.
Although recorded examples of the overcrowding effect among helminths are comparatively few the occurrence of the phenomenon can be logically assumed if the situation of parasites in their hosts be regarded as analogous to that of any other animal population in a circumscribed environment. The food available to the com-munity is limited and when the population increases beyond a certain size an effect on the growth of the individual must be seen. In the intermediate snail host of Fasciola hepatica the rate of development of larve can be shown to be controlled by their numbers and the amount of food available (Kendall 1949) . Reinfection experiments in snails are technically 4ifficult but those reported by Kendall (1964) provide no evidence of acquired resistance to infection.
From our investigations it appears therefore that with F. hepatica the situation in both intermediate and definitive hosts is similar. In neither is there clear evidence of the acquisition of a resistance to reinfection but in both the rate of growth of the parasites is controlled by their numbers. In the intermediate host, at least, population pressure may drastically limit the numbers ofparasites which finally mature.
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The Stimulation of Acquired Resistance to Schistosome Infection Progress in the field of immunology of schistosomiasis, like other helminth infections, has been slowdue mainly to difficulties inherent in the complex host-parasite system. There is strong, although indirect, evidence that man is able to develop resistance to reinfection against some species and there have been many reports of the induction of resistance in experimental animals. The central problem is to determine the exact way in which this resistance is stimulated; this information is necessary in order to determine whether vaccination ofman against this parasite is feasible.
The rhesus monkey readily develops resistance to reinfection following initial infection with Schistosoma mansoni and has been the host of
